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		The	purpose	of	 this	 guide	 is	 to	provide	a	user-friendly	 and	 informative	guide	on	‘How	to’	synthesize	salt	marsh	data	from	the	National	Estuarine	Research	Reserve	System	(NERRs).	In	this	guide,	we	outline	and	detail	the	steps	taken	from	requesting/cataloguing	data	to	summarizing	these	data	through	visual	and	 statistical	analysis.	These	methods	 can	be	used	at	 a	single	or	multiple	site(s)	as	well	as	over	multiple	years.	Though	this	guide	is	specific	to	NERRs	and	focuses	on	plant	community	data,	it	may	also	be	useful	for	other	monitoring	parameters	and	programs	to	guide	protocol	design	 and	analyses.	Here,	we	 conduct	a	 synthesis	 of	New	England	 salt	marshes	using	NERRs	data	collected	from	the	past	decade.	
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New	England	Reserve	data	availability	 throughout	 the	project	 scope.	Values	 in	each	cell	 represent	number	of	
reserves	with	available	data,	color	coded	from	fewest	(white)	to	most	(dark	blue).	Note:	ecotone	monitoring	can	




Documenting	Protocol	Variations		In	any	synthesis,	it	is	equally	critical	to	identify	variations	in	methodologies	as	they	can	have	a	large	impact	on	interpretation.	The	NERRs	Sentinel	Site	Monitoring	Program	is	an	established	and	nationally	recognized	program	 that	 attempts	 to	 achieve	 consistent	 application	 system-wide,	 however	 there	 are	 a	 few	inconsistencies	 that	were	 identified	 in	regards	to	describing	 the	vegetation	community,	which	are	 issues	inherent	to	any	nation-wide	program.	These	inconsistencies	stem	from	Reserves	instituting	data	collection	pre-dating	the	Sentinel	Site	Program,	and	diverse	environmental	conditions,	plant	communities	and	wildlife,	to	name	a	few.	For	example,	half	the	New	England	Reserves	use	relative,	non-binned	ocular	estimates	of	plant	cover,	while	the	other	half	use	a	point-intercept	system.	Both	cover	estimates	are	commonly	used	in	tidal	marshes,	 however	 our	 results	 show	 these	 different	 methods	 can	 lead	 to	 different	 interpretations	 of	important	cover	categories.	Other	differences	in	methods	were	also	identified,	documented	and	reconciled	when	possible,	which	are	further	discussed	in	the	section	titled	“Reconciling	Methods”	on	page	5”.	
Elevation SET
Cover Density Height Boundary* Plots*
2010 2 2 1 1 2 1 2 1
2011 4 4 4 1 3 3 1 2 2
2012 2 2 2 1 1 2 3 2
2013 3 2 3 1 1 1 1 4 2
2014 4 3 4 1 1 1 1 2 4 2
2015 2 1 2 1 1 2 2
2016 4 3 4 1 1 2 1 2 4 2
2017 4 3 4 1 1 1 1 3 3
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Image	 of	 NERR	 Centralized	 Data	 Management	 Office	 (CDMO)	 data	 portal.	 Navigate	 to	 the	 Vegetation	 Monitoring	
Application	 by	 using	 the	 web	 link	 (http://cdmo.baruch.sc.edu/),	 clicking	 on	 “Get	 Data”,	 scrolling	 down	 and	 selecting	
“Vegetation	Monitoring	Application.”	
Standardize	Data	1. Create	Regional	Templates	2. Build	Metadata	3. QA/QC		
Create	Regional	Templates		From	 the	 four	 New	 England	 Reserves,	 we	 received	 data	 housed	 in	 six	 different	 formats.	 Formatting	inconsistency	is	likely	due	to	individual	Reserve	utility	as	well	as	the	lack	of	a	national	data	template	beyond	that	of	the	CDMO	which	is	not	data-analysis	friendly	nor	widely	utilized	in	New	England.	Our	first	challenge	to	synthesize	data	across	New	England	was	developing	a	regional	data	template	that	could	house	all	of	the	region’s	data	in	a	consistent	format,	which	was	user-friendly	in	several	areas:		
§ Data	entry	 	 	 	 	
§ Data	archival	
§ Data	visualization	and	analysis	We	also	needed	to	address	differences	across	Reserves	including:	species,	methods,	lumped	data	(e.g.,	bare	and	dead	covers	combined)	and	additional	data	(e.g.,	S.	alterniflora	parsed	into	tall	and	short	forms).	Regional	templates	were	created	for	all	types	of	data	used	in	this	project:	1.	Vegetation:	taxa,	cover,	heights	&	density	 	 3.	Elevation	of	vegetation	plots	2.	SET	and	marker	horizon	 	 	 	 4.	Water	Levels	
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Build	Metadata	Regional	datasets	should	include	metadata	that	completely	describe	 the	 template	and	data	housed	within.	Specific	 descriptions	 from	 our	 metadata	 include	 field	 protocol	 differences,	 column	 header	 information,	summary	parameters,	species	nomenclature	and	groupings,	corrected,	suspect	or	omitted	data,	etc.		
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	Bare	and	Dead:	Cover	types	measured	within	plots	differed	between	New	England	Reserves.	Most	notably,	half	the	Reserves	parse	out	bare	and	dead	covers,	while	the	other	half	lump	these	categories	together.	Thus,	for	 visualization	 and	 analysis	 purposes,	 bare	 and	 dead	 were	combined.	 Other	 potential	 discrepancies	 in	 measuring	 dead	cover	 relate	 to	 how	 it	 is	 defined.	 For	 the	 two	Reserves	which	measured	dead	cover,	both	specified	dead	as	having	grown	and	died	in	the	monitoring	plot	in	the	years	prior	to	avoid	counting	early	senescing	plants	(e.g.,	Argentina	anserina,	Juncus	gerardii)	or	dead	material	brought	 in	by	 the	 tides	(i.e.,	wrack).	We	have	also	 observed	 other	 protocols	 outside	 NERRs	 that	 do	 not	distinguish	between	timing	and	origination	 for	classification	of	dead	or	wrack	cover.		Wrack:	 Some	marshes	 in	 this	study	 rarely	have	wrack	 in	 their	monitoring	 plots,	 whereas	 others	 can	 have	 the	 entire	 plot	covered.	As	a	result,	some	Reserves	measure	plots	as	they	find	them	(i.e.,	100%	wrack	cover;	pictured	to	the	right),	while	others	remove	what	little	they	find	and	do	not	record	it	as	a	cover.			Algae,	water,	overstory:	For	algae,	most	Reserves	 treat	 it	equally	with	vascular	species,	but	one	Reserve	does	not	record	it.	Half	the	Reserves	record	the	presence	of	water,	noting	it	only	when	there	is	standing	water	at	low	tide	(e.g,	pannes,	pools)	and	not	including	it	into	the	100%	total	cover	estimates	(for	ocular	cover),	but	instead	treating	 it	 as	 an	 extra	 ‘canopy’	 layer.	 Lastly,	 overstory	measurements	were	recorded	by	two	Reserves	because	overstory	can	 impact	 marsh	 vegetation.	 As	 a	 result	 of	 regional	inconsistencies,	analyses	with	all	 these	 types	of	cover	data	were	excluded	in	regional	analyses.	 	
Low Marsh High Marsh Upland Edge
Plot at Sandy Point marsh in Great Bay, 
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2011 2016
Analyses	1. Visualizations		2. Univariate	3. Multivariate	4. Inundation			Visualizations	 and	 statistical	 analyses	 focused	 on	 several	 important	 questions:	What	 is	 the	 year-to-year	variability?	Do	changes	over	time	represent	a	significant	trend?	Are	responses	in	southern	Reserves	(small	tide	ranges)	different	than	that	of	northern	Reserves	(large	tide	ranges)?		In	addition,	plot	elevation	and	tidal	records	were	combined	with	plant	abundance	data	to	produce	inundation	models	showing	species	elevation	distributions	over	time.			
Visualizations	
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Univariate	
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Multivariate	Marsh	plant	communities	were	further	analyzed	using	non-metric	multivariate	tests	using	PRIMER	6	version	6.1.9	(Clarke		and	Gorley,	2001),	which	included	non-metric	multi-	dimensional	scaling	(MDS),	analysis	of	similarity		(ANOSIM),	and	contributions	to	similarity	analysis		(SIMPER).	These	tests	were	chosen	for	their		flexibility	to	handle	non-parametric	datasets	as	well	as	their	ability	to	simultaneously	account		for	multiple	community	characteristics	(e.g.,		composition,	abundance,	diversity).	Plant	com-	munity	data,	in	the	form	of	percent	cover,	were	standardized	using	either	a	square-root	or	4th	root	transformation,	where	appropriate,	then	analyzed		as	a	Bray-Curtis	similarity	matrix.	For	each	compari-	son,	MDS	were	run	using	100	iterations	and	ANOSIM	were	run	using	999	permutations.	Stress	shown	on		the	MDS	ordination	plots	indicate	how	well	the		Bray-Curtis	 similarity	matrix	matches	 up	with	 the	 dimensional	 relationships	 among	 samples.	 PRIMER’s	guidance	on	interpreting	stress	values	(Clarke	and	Gorley	2001):	<0.05		 	 Excellent	>0.05	x	<0.1		 Great	>0.1	x	<0.2	 	 Good	>0.2		 	 Poor	Our	statistical	approach	was	designed	to	test	our	main	hypothesis:	Are	New	England	salt	marshes	changing	over	time?	As	such,	time	was	our	primary	factor	of	concern.	To	address	this	main	hypothesis	as	well	as	handle	the	large	volume	of	data	and	potential	tests,	we	utilized	a	two-tiered	approach:	
Tier I
Scan all data for trends
Identify 
Scale and  Factors
1. Marsh 1. Zone
2. Reserve
3. Sub-region
4. New England 
Run ANOSIMs to 
test for a general 
trend across all scales 
and factors
Tier II
Deeper invesitgation into 
noteworthy trends




Conduct SIMPER to 
quantify species 
contributing most to 
community shift
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TIER	I:	A	series	of	one-way	ANOSIMs	were	conducted	to	test	for	significance	in	plant	community	 composition	 from	 the	 first	year	 to	 last	 year	 of	 available	 data	 across	multiple	 scales	 (marsh,	 Reserve,	 sub-regions	 and	 New	 England)	 and	 factor	(marsh	 zone).	 A	 total	 of	 60	 comparisons	were	 run,	 in	 contrast	 to	 >1600	comparisons	with	the	same	approach	but	with	 the	 addition	 of	 all	 potential	 year	combinations.			TIER	II:	When	changes	in	plant	community	composition	 over	 time	 were	 significant	(p<0.05)	or	associated	with	a	general	trend	(p<0.20),	 this	 triggered	 further	investigation	using	MDS	ordination	plots	to	visualize	 community	 differences	 between	plots	and	SIMPER	to	determine	the	species	contributing	most	 to	 differences	 detected	between	 groups.	 Example	 of	 MDS	 on	previous	page	and	SIMPER	below.	
	
Inundation	Model		
	An	 inundation	 analysis	 was	 conducted	 to	determine	 changes	 in	 plant	 community	composition	associated	with	flooding	over	time.	 These	 analyses	 compared	 percent	flooding	 along	 an	 elevation	 gradient	 from	an	 early	 time	 period	 (2010-2013)	 to	 a	recent	time	period	(2016-2018),	depending	on	data	availability	for	each	Reserve.	Data	required	to	run	the	analysis	included	water	level,	elevation,	and	vegetation	measurements	(percent	cover)	for	each	marsh	site.	Elevations	were	collected	by	GPS	RTK	or	a	digital	level	and	water	levels	by	an	instrument	placed	directly	in	
Screenshot	of	the	macro	developed	by	Jim	Lynch,	NPS,	which	calculates	percent	flooding	for	each	plot.	
Example	of	SIMPER	results	from	New	England	low	marsh,	showing	the	
highest	 cover	 classes	 contributing	 most	 to	 dissimilarity	 (up	 to	 90%)	
between	2010	and	2017.	Blue	 shading	 indicates	an	 increase	 in	 cover,	
orange	indicates	a	decrease.		
Cover Categories 1st year Last year Avg % Cum %
Water 23.80 26.89 10.46 21.93 21.93
Bare Ground 33.85 37.19 10.09 21.15 43.07
Spartina alterniflora 55.03 48.24 9.42 19.75 62.82
Dead 3.27 5.26 4.65 9.74 72.56
Algae 0.45 3.57 2.37 4.96 77.52
Wrack 2.16 1.43 2.16 4.52 82.04
Spartina patens 2.09 0.71 1.65 3.46 85.50
Salicornia spp. 0.34 0.92 1.65 3.45 88.96
Distichlis spicata 1.01 0.13 1.05 2.20 91.15
  Average Cover Dissimilarity
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Spartina alterniflora Flood Sensitive Species
b) Recent
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Summary		
	Identifying	significant	patterns	and	trends	in	long-term	monitoring	data	can	reveal	ecological	responses	and	inform	 best	 management	 practices	 useful	 to	 scientists,	 conservation	 and	 restoration	 practitioners	 and	resource	managers.	Also	important	is	documenting	and	describing	the	process	involved	for	local	and	regional	data	syntheses	to	help	refine	future	monitoring	efforts	and	catalyze	the	examination	of	other	datasets	in	a	similar	 fashion.	 Our	 overall	 project	 not	 only	 provides	 this	 guide	 to	 facilitate	 further	 data	 analysis	 and	visualization,	but	also	provides	data	templates	and	immediate	insights	into	sea-level-rise	effects	on	marshes	throughout	New	England	(see	final	report	Burdick	et	al.	2020).	One	of	the	biggest	roadblocks	to	synthesizing	large	datasets	is	“How”.	We	hope	we	have	helped	to	ameliorate	this	roadblock	by	laying	out	a	detailed	guide	to	address	issues	associated	with	large	datasets	covering	a	breadth	of	time,	geography	and	methodologies.			The	greatest	amount	of	time	spent	on	data	synthesis	was	the	standardization	process,	outlined	on	pages	3	and	4.	We	‘manually’	standardized	data	from	4	Reserves,	8	marshes,	269	monitoring	plots,	~30,000	data	points,	that	included	up	to	8	years	of	data.	Just	for	vegetation	data	alone,	dataset	formats	prior	to	this	project	were	created	and	housed	by	each	Reserve	individually,	leading	to	6	different	data	formats.	One	Reserve	with	high	rates	of	staff	turnover	vegetation	used	3	different	formats	for	their	vegetation	data.	Smaller	datasets,	especially	 those	 that	 have	 consistent	methods	 and	 that	 are	 constrained	 to	 local	 analyses	 are	 less	 time-demanding.	In	contrast,	datasets	covering	larger	spatial	and	temporal	scales	such	as	national	in	scope,	are	likely	 to	 be	 even	more	 time-consuming.	 For	 these	 larger	 dataset	 compilations,	we	 recommend	 utilizing	software	 for	 automation	 or,	 interns	 (along	 with	 additional	 QA/QC)	 to	 reduce	 staff	 time	 spent	 on	standardization.	We	acknowledge	the	difficulties	in	addressing	the	tradeoff	between	large	datasets	spanning	multiple	 geographies	 and	 smaller	 datasets	 that	 are	 locally	 focused.	 Larger	 datasets	 add	 power	 to	 your	conclusions	and	due	to	their	larger	geographic	scope,	have	a	greater	relevance	to	a	wider	audience,	but	are	also	more	challenging	when	they	encompass	different	plant	communities,	methods,	and	local	and	regional	forcing	 factors,	 etc.	 A	more	 general	 analysis	with	 relative	metrics	 (such	 as	 ratios	 of	 flooding	 tolerant	 to	flooding	sensitive	species)	may	be	needed	in	these	instances.			
Acknowledgements	This	work	is	from	a	larger	project	funded	by	the	National	Science	Collaborative,	Catalyst	Grant.	For	a	full	list	of	project	participants	who	help	create	this	guide,	see	our	final	report	(Burdick	et	al	2020)	found	on	our	project	webpage,	www.nerrssciencecollaborative.org/project/Burdick18.	Other	products	including	regional	templates/datasets	and	our	plant	cover	integration	guide	are	also	available	on	our	webpage.		
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Great	Bay	Elevations	 for	 Sandy	 Point	 in	 2011	 were	 obtained	 from	 NGS	 2011	 LiDAR.	 All	 other	 reserves	 elevation	measured	by	RTK	or	digital	levels.	
Narragansett	Bay	Point	 intercept	 recordings	 for	 a	 50-point	 quadrat	were	 doubled,	 corrected	 by	 applying	 OC	 vs.	 PI	 cover	regressions	for	each	of	seven	morphology	types	and	normalized	to	100	(see	4.	below	for	method).	Presence	of	species	in	plot	with	no	hits	(P)	was	changed	to	1.	From	2016-2018	Nag	marsh	cover	were	not	be	analyzed	because	of	a	high	degree	of	variability	among	observers,	but	this	data	is	still	included	in	database.	Corrections	for	inter-observer	variability	were	explored	to	this	time	period	of	data,	but	were	unsatisfactory.	Separate	observers	collected	data	in	various	years,	cover	results	using	the	PI	method	between	observers	were	highly	variable	and	without	a	distinct	pattern.	Regressions	provided	a	weak	correlation	when	conducted	for	specific	cover	classes	that.	This	summer	(2019)	an	in-field	analysis	will	be	done	between	observers	to	try	and	find	a	correction	factor.	Height	data	is	satisfactory	through	the	years.	
Waquoit	Bay	Percent	cover	dead	red	cedar	stump	and	dead	shrub	added	to	dead	cover	category.	Percent	cover	snails,	live	mussels,	shells,	and	an	unfortunately	placed	core	sample	in	one	plot	were	added	to	bare	cover.	Percent	cover	trash,	overstory	wrack,	and	overstory	trash	were	added	to	wrack	cover.		Percent	cover	standing	water	and	overstory	water	added	to	water	cover.		Foot	trampling	%	cover	moved	to	notes.	Algae	broken	into	red,	brown	and	green	cover	types	in	2017	and	2018	data;	these	were	combined	into	an	alga	cover	category.		0.1%	cover	was	standardized	to	0.5%	cover	and	indicates	plant	presence	in	a	plot.	Marsh	edge	distances	based	on	2012	LiDAR	and	2013	RTK	data.	
Wells	Point	 intercept	 recordings	 for	 a	 50-point	 quadrat	were	 doubled,	 corrected	 by	 applying	 OC	 vs.	 PI	 cover	regressions	for	each	of	seven	morphology	types	and	normalized	to	100	(see	4.	below	for	method).	Presence	of	spp	in	plot	with	no	hits	(P)	was	changed	to	1.	Ecads	and	seaweed	were	write-ins	on	datasheets	sporadically	throughout	all	years,	these	were	added	to	algae	cover	since	Wells	does	not	classify	wrack	cover	and	write-ins	did	not	distinguish	whether	wrack	or	not.	In	2014,	plots	2I5,	3R5,	and	4R5	had	the	write-in	of	NY	Aster:	since	 this	 plant	 has	 never	 been	 recorded	 on	 Wells	 sentinel	 site	 monitoring	 and	 presence	 of	 Solidago	
sempervirens	 was	 found	 throughout	 the	 years	 in	 these	 plots,	 these	 NY	 Aster	 points	were	 changed	 to	 S.	
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SET	sampling	density	issue		Wells	Reserve	 is	 the	only	 reserve	 to	measure	8	 arm	directions	 instead	of	 4	 arm	directions.	All	 reserves	needed	data	to	be	synthesized	to	4	arms	to	be	analyzed	together.	Potential	differences	between	8	and	4	arm	data	were	 analyzed	 through	ANOVA,	 and	 no	 significant	 differences	were	 found.	Wells	 8	 arm	 data	were	reduced	to	4	arm	measurements	for	comparison	with	other	Reserves:	only	cardinal	direction	measurements	at	0,	90,	180,	and	270	degrees	were	kept	and	used	in	this	database	for	regional	analysis.			
